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Abstract 
Dealing with the strongly increasing complexity of the company itself and its environment has become a key competitive factor. Companies can 
only face the progressively increasing external complexity in global markets with an appropriate "healthy" internal complexity. It inevitably 
has to be adapted to market demands. If the internal complexity is too low, the external complexity cannot be mastered sufficiently. The 
complexity management in the company is therefore not effective. If the internal perspective is too high, the company thus has unnecessary 
efforts and the complexity management is not efficient. 
The complexity within socio-technical organizations such as e.g. value networks or industrial companies is characterized by the difficulties and 
turbulences encountered in daily business and can be described by four dimensions: variety, heterogeneity, dynamics and non-transparency. 
Most companies have not introduced or implemented a complexity management system in order to deal with these issues yet. Many companies 
do not know if the used management activities are efficient, effective and adequate. Therefore, companies have to be reviewed and evaluated 
regarding their complexity management maturity. 
Maturity models can be used to support the analysis and assessment of skills and development levels of products, processes or organizations. 
Such competence models are using defined levels of maturity, which can be used to describe the different achievable skill levels. Maturity 
models for the purposes of evaluation issues have several benefits such as finding vulnerabilities and identifying improvement measures, a 
better control over costs and time or an earlier and more accurate predictable release and introduction of complexity management activities. 
This paper presents basics of an advanced Complexity Management as well as an approach for a systematic evaluation of advanced 
Complexity Management maturity, describing the different levels and taking into account recommendations to increase the degree of maturity. 
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1. Introduction 
Economic policy megatrends such as demographic change, 
climate change or increasing digitalization are key drivers for 
the current and future success of worldwide socio-technical 
organizations [1-2]. In addition, the rise of many developing 
countries leads to the emergence of new power centers and a 
new balance of forces in the global markets; the consolidation 
pressure is increasing in Western countries. The trend of 
increasing digitalization and current developments towards the 
so-called fourth industrial revolution to Integrated Industry 
(Industry 4.0) show that in the near future there will be 
demand and potential for tremendous flexibility and 
adaptability of value networks [3]. These developments pose a 
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challenge on socio-technical organizations, e.g. global value 
networks or industrial companies, including their production 
and supply chain, with a variety of complex design and 
decision tasks.  
The complexity of the business environment is constantly 
growing and thus socio-technical organizations face new 
challenges. Even within the socio-technical system, the 
complexity grows e.g. in organization, processes and other 
business areas. The significant increase in complexity is 
already perceived by industrial companies worldwide [4]. In a 
study of Camelot Management Consultants AG [4], 83 % of 
the surveyed senior executives regard the achieved complexity 
level in their companies as being too high. In a study of 
Fraunhofer IPA, 82 % of the interviewed managers think that 
the relevance of complexity will grow [5]. A study of IBM 
Corporation [6] with chief executive officers worldwide 
documents three substantially matching views. First, the 
respondents expect that the soaring increase of complexity 
becomes their highest challenge to solve. Second, the 
enterprises are not able to deal with this global complexity 
effectively. Third, the participants identify creativity as the 
most important leadership skill for enterprises that want to 
find their way through the complexity challenges. Despite the 
growing importance, only 11 % [4] (16 % [5]) of the 
companies have access to adequate tools for complexity 
management. There is great potential for improving socio-
technical systems across many industrial sectors such as 
automitive, machine building or aerospace industry. 
This paper presents the basics of the new approach of 
advanced Complexity Management in socio-technical 
organizations. This new approach includes strategies that 
implicate the product complexity and its active influence of 
the socio-technical organization's internal complexity and 
performance as well as the linked complexity pricing. 
Furthermore, an approach for a systematic evaluation of 
advanced Complexity Management maturity is presented. 
2. Up-to-date survey on complexity management and 
maturity model approaches 
Every field of science and technology defines and explores 
complexity in its own way. Since a consistent concept is 
missing, the existing approaches concentrate on different 
aspects of complicacy and complexity. For a more compact 
overview in this paper, existing approaches in the field of 
socio-technical systems are grouped as follows: quantification 
of complexity in socio-technical organization as well as 
maturity model approaches. 
2.1 Quantification of complexity in socio-technical 
organization 
In the theoretical approach of Kaluza [7] complexity 
dimensions of value networks are described with simple 
mathematical formulas. In Wilson’s practical method of 
triangulation [8] complexity is quantified, but not in an exact 
scientific method. The approach of the international 
complexity management in the automotive industry of 
Schoeller [9] focuses on the product complexity and its 
impact on process and organization. The complexity of value 
distribution according to Schuh [10] serves as a model for the 
representation and design of the system behavior of 
production networks in the site and site structure planning. In 
the model of Giessmann [11], the causal relationships of 
analytical complexity in logistics are described empirically. In 
the approach used by Lammers [12] for complexity 
management of distribution systems, complex vectors are 
elaborated, based on subjective management decisions which 
serve as subsequent recommendations for strategic decisions. 
In the design model of Mayer [13] for the management of 
complexity in industrial logistics, the logistics is modularized 
to the economic modules, in order to optimize the logistics 
management using suitable instruments. In the method of 
Meyer [14], the requirements of complexity management in 
the strategic management process of logistics are integrated, 
based on an approach of the Balanced Scorecard. The 
complexity evaluation model by Blockus [15], based on the 
Analytic Network Process (ANP), which is based essentially 
on the model of the mathematician Saaty [16], is an approach 
to solving decision problems. The model of Blockus is 
specifically designed to determine the complexity of service 
companies. 
A unified picture of complexity management is missing. 
Although complexity management comprises theoretical 
methods to manage the existing complexity, a unified 
understanding has not been achieved. There is a lack of 
transparency and no coherent overview on the number and 
diversity of methods and tools united under the umbrella of 
complexity management. 
2.2 Maturity model approaches 
Since the introduction of the first maturity models a wide 
range of maturity models have been developed by 
representatives of the practice as well as scientists. In addition 
to software companies and consultancies diverse maturity 
models are proposed by scientific community [17-18]. While 
at the beginning of the development the main goal of maturity 
models was the optimization and evaluation of the 
information system engineering and software development, 
maturity models today are being developed increasingly for 
business engineering. 
Two definitions of maturity models can be mentioned: 
"A maturity model is a (simplified) representation of 
reality to measure the quality of business processes. Here, 
depending on the model, different stages of "maturity" of 
business processes are described." [19] 
„A maturity model conceptually represents phases of 
increasing quantitative or qualitative capability changes of a 
maturing element in order to assess its advances with respect 
to defined focus areas.” [20] 
Both definitions have been used as a basis for the porposed 
approach decribed in this paper. 
Maturity models are based on the assessment of 
competency objects aiming at consistent and verifiable 
statements about these objects’ (processes and organizations), 
current status and quality of their execution [21-23]. The 
levels/stages of maturity within such existing models are used 
to describe different achievable skill levels. In general 
maturity models provide methods for the assessment of skill 
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levels, as well as measures to increase the degree of maturity 
from one level to the next one [24]. Maturity models can be 
used for variable purposes. They may be limited to a 
competency measurement or can be part of an overall skills 
analysis. Additionally, they can provide information about 
causes of the maturity level deficits or can propose 
instructions for solutions to improve the maturity level [25].  
In literature as well as in practice, there is a wide range of 
maturity models available and different existing maturity 
models have been established in various fields of application. 
In addition to thematic differences, they exhibit some major 
differences in composition and structure. Some models, 
relevant for the presented approach as well as well-known in 
literature and practice, will be presented in short below. 
The most prevalent approach for measuring the maturity 
level is the Capability Maturity Model (CMM), developed by 
the Software Engineering Institute (SEI) of Carnegie Mellon 
University [26]. The Capability Maturity Model is the oldest 
and best-known model applied for the improvement of 
software processes. It has a five-step evaluation scheme and 
was originally intended to evaluate software processes quality 
of software suppliers of the U.S. Defense Department [27]. In 
subsequent years CMM has been enhanced and upgraded. The 
successor model, the Capability Maturity Model Integration 
(CMMI) was developed by integrating several previous 
models with the same basic ideas and goals, but different in 
structure and field of application. The main fields of 
application of the CMMI Model are software engineering, 
system engineering and integrated process and product 
development [28]. 
Another evaluation model is the so-called European 
Foundation for Quality Management (EFQM) Business 
Excellence Model, which describes the merger leading from 
the top European companies with the aim of developing and 
providing its own model to increase their competitiveness in 
global markets [29]. The EFQM Business Excellence Model 
is not a classic maturity model, but often used as a basis, 
aiming at integrated quality management, based on the 
simultaneous consideration of people, processes and 
outcomes. Its three main pillars of leadership, processes, and 
business results are supplemented by specific implementation 
areas (people, policy and strategy, resources, etc.). If the 
EFQM Business Excellence Model will be compared to the 
former described CMMI model, it can be said that both have 
the definition and improvement of processes in common. The 
other aspects of the EFQM Business Excellence Model are 
only considered rudimentary in the CMMI model [28]. 
Another model is the so called Process and Enterprise 
Maturity Model (PEMM). It is a pragmatic and simple 
maturity model, developed by Hammer & Company [29]. The 
analysis is performed with questionnaires which have to be 
filled in during discussions, surveys and workshops. The 
questionnaires are designed to provide an image of the 
company in maturity levels and uncover needs for action. 
Needed measures have to be developed and implemented 
individually [30]. Within the PEMM, the two fields of action 
"process determinants" (process design; employees; 
responsibility; infrastructure; key figures) and "enterprise 
skills" (leadership; corporate culture; experience; control) are 
used. The PEMM should be applied in different levels of the 
hierarchy of a company. In the course of interviews, panel 
discussions and workshops, the questionnaires to process 
determinants and corporate skills will be discussed and the 
corresponding maturity level determined [30]. PEMM 
basically assumes that the highest maturity level is desirable. 
It is considered that any company can be improved by 
achieving higher maturity levels in process determinants and 
corporate competences [29]. If a sub-area is significantly 
lower evaluated than another, it shows vulnerability and can 
be focused by the company in terms of an optimization. 
3. Stuttgart Complexity Model 
The Stuttgart Complexity Model is a generic approach for 
complexity management developed by Fraunhofer IPA and is 
based on three principles. When dealing with complexity in a 
socio-technical organization, it is important to divide 
complexity in external and internal. Furthermore, complexity 
can be spanned into the four complexity dimensions: variety, 
heterogeneity, dynamic and non-transparency. Additionally, 
the model postulates that the socio-technical organization’s 
internal complexity should be spilt into specific complexity 
fields. 
3.1 Demarcation external - internal complexity 
Progressively increasing external complexity can only be 
met with an equivalent internal complexity. Therefore, 
complexity within value networks is adjusted to an existing 
external complexity and cannot be viewed in isolation [31]. In 
this context, internal complexity represent complexity inside a 
value network, external complexity describes complexity of 
the value network environment [32]. Internal complexity is 
ideal if it corresponds to the respective external complexity 
[33]. If internal complexity is low, external complexity cannot 
be met sufficiently. The complexity management is therefore 
not effective. If internal complexity is too high, unnecessary 
expenses incurred in the value network, so the management of 
complexity in the socio-technical organization is not efficient. 
3.2 Complexity dimensions 
General dictionaries describe complexity as the multi-layer 
nature or the interplay of many features [34]. Latest scientific 
approaches which deal with complexity directly or indirectly 
do not have a consistent definition of complexity [35-38]. Due 
to the variety of definitions of complexity that do not allow 
unambiguous determination, in everyday speech the term 
complexity is often equated with the term complicacy [11, 39-
40]. With a closer look at the two concepts of complicacy and 
complexity it gets clear that they are indeed in a narrow 
context to each other, but complicacy only maps a part of 
complexity [40]. In the literature complexity is often defined 
as the variety and heterogeneity of systems, problems, 
algorithms or data [41]. Complex systems, therefore, include 
only the two dimensions variety and diversity, and represent 
predictable and accurately predictable systems [40]. However, 
this definition with two dimensions describes in fact 
complicacy. The disadvantage of complicacy systems is given 
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through the fact that they do not occur in the context of social 
systems [40]. Thus, complexity involves the four complexity 
dimensions variety, heterogeneity, dynamics and non-
transparency [42]. This leads to the description of the 
intensity of complexity in socio-technical organization by the 
occurance of the four complexity dimensions. 
3.3 Complexity Fields 
A first step to improve transparency is the systematic 
subdivision into complexity fields. These are the areas in the 
social-technical organization in which complexity arises [43], 
such as in processes, organization or the product itself [8]. 
Therefore, the Fraunhofer IPA complexity fields are divided 
as following including their sub-fields: 
x goods and services (goods and services portfolio, 
customer portfolio, markets and materials); 
x process (technologies, order processing and IT-systems); 
x organization (network, production and staff).   
4. Advanced Complexity Management 
Advanced Complexity Management is the target-oriented 
and value-added utilization of available resources in order to 
harmonize internal and external complexity, using appropriate 
manipulating, coping or pricing strategies. 
Thus, it leads to the right level of complexity in order to be 
successful on the market and react optimally to external 
complexity. It is important to use the right strategies in order 
to approximate the right level of complexity and to deal with 
complexity. Fraunhofer IPA has a long tradition of dealing 
with the systemic complexity of socio-technical organizations, 
starting with the Fractal Company approach by Warnecke 
[44], which is still relevant today. The fractal organization 
takes natural systems as a model [45]. The networking of the 
autonomous and decentralized fractals is of particular 
importance to achieve effective communication specifically 
aimed at the exchange of knowledge for advanced 
Complexity Management.    
4.1 Level of complexity  
A starting point is for the identification of the right level of 
complexity is the analysis of the product portfolio and leads to 
the question: what are the products and services the company 
makes money with and what are the products the company 
loses money with? Profitability (which complexity 
enhances/lowers?), liquidity (which complexity 
promotes/disables?) and cash flow (which complexity is 
progressive/regressive?) are taken into account.  
Thereafter, it is investigated, how complexity can be 
handled more efficiently through successful advanced 
Complexity Management. For this, the growth effects (which 
goods and services classes have growth potential?), synergy 
effects (which goods and services classes have similarities?) 
and spill-over effects (where work umbrella effects or 
cannibalization effects?) are considered. Based on the 
analyzed products, also the internal complexity within the 
fields organization and process can be better represented. 
After that, suitable strategies in order to manage the identified 
complexity have to be derived.  
4.2 Systematic derivation of strategies 
Crucial for successful advanced Complexity Management 
is the choice of the right strategy. If the internal complexity of 
the company is too high/too low compared to the external, 
following advanced Complexity Management strategies are 
proposed: 
x Dealing with complexity: efficient handling of 
unavoidable internal complexity, e.g. the adaptation of 
organizational structures, the increase of transparency in 
order processing or transformation of process interfaces. 
x Reducing complexity: targeted degradation of the 
identified over-complexity, e.g. the elimination of 
unprofitable and not worthwhile goods and services 
variants, reduction of non-value adding process steps or 
reduction of interfaces, both on the side of the IT 
systems as well as from an organizational perspective. 
x Avoiding complexity: preventive emergence of 
complexity, e.g. modularization and standardization of 
products, processes or organizational structures. 
x Pricing complexity: reasonable pricing of goods and 
services complexity (e.g. for which complexity the 
customers are willing to pay) and their caused 
complexity in processes and organization. 
x Generating complexity: external complexity is higher 
than internal; complexity is not effective, higher internal 
complexity is needed.  
5. Maturity-based evaluation 
In order to deal with the presented complexity issues and to 
achieve successful advanced Complexity Management as well 
as to derive suitable strategies, companies have to be able to 
evaluate their existing complexity management skills and 
activities compared to the existing internal complexity. That 
means, companies have to be enabled to make statements, if 
their complexity management activities are adequate and 
appropriate to their internal complexity. Most companies have 
not introduced or implemented a complexity management 
system in order to deal with this complexity issues yet. Many 
companies do not know if the used complexity management 
activities are efficient and adequate. Therefore companies 
have to be reviewed and evaluated regarding their complexity 
management maturity. 
The following approach for systematical evaluation of 
complexity management maturity is based on the assumption 
that predictable patterns exist in the development of 
complexity management skills. These development patterns 
are conceptualized as evolutionary stages or levels and 
represent the mutually defined maturity levels. The maturity 
implies evolutionary progress in demonstrating specific skills 
or achieving targets, from an initial state where almost no 
skills regarding complexity management are considered, to a 
final state, which is complete, optimizing the company`s 
resources to achieve the goals of harmonizing internal and 
external complexity [27]. 
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Therefore, each level describes different degrees of 
maturity regarding the complexity management skills, and is 
defined by specific characteristics as well as predefined 
requirements that are necessary to achieve the next maturity 
level. In general, it can be assumed that a higher degree of 
maturity shows a better expression of the rated processes and 
thus the underlying complexity management capabilities. Due 
to the fact that CMMI has a more generic point of view than 
other maturity models and a modular and adaptable structure, 
the presented approach follows the basic structure of CMMI 
and has a total of seven maturity levels (see Figure 1): 
0) Initial: No understanding of complexity 
The company has not yet concerned or recognized any 
complexity problem or strategy.  
1) Defined: Complexity fields are defined  
The company has identified external complexity drivers 
and has defined internal complexity fields. 
2) Qualitative: Complexity is qualitatively evaluated 
The company uses methods to evaluate qualitatively 
existing complexity within the specific complexity fields. 
3) Quantitative: Quantitative KPIs are elaborated 
The company has elaborated specified Key Performance 
Indicators (KPI), in order to quantify the existing 
complexity in terms of the four complexity dimensions. 
4) Analyzed: Complexity patterns are generated 
The company has analyzed the existing internal 
complexity and generated so-called complexity patterns by 
detailed analysis of the complexity fields and dimensions 
based on the correlation of specific, selected indicators. 
5) Managed: Measures are defined and initialized 
The company has defined and initialized specific 
complexity cultivation strategies in order to adapt or 
master the existing internal complexity. 
6) Harmonized: Internal and external complexity are 
harmonized 
The company has optimized its internal complexity 
according to the external complexity on the market and the 
company is able to dynamically adapt and adjust it 
permanently. 
Each defined maturity level as part of the advanced 
Complexity Management addresses the following deficits in 
existing complexity management approaches: 
General complexity fields are known in several 
approaches, but not defined in more depth and formulated in 
detail. Various evaluation approaches exist, but generally they 
are related to product complexity. A specific measurement of 
complexity is rather rare. In many cases there is a focus on the 
costs. Usually, only general strategies (avoidance, reduction) 
are used, but no combinations or new strategies are 
introduced. There are no concrete approaches to identify and 
measure external complexity. 
The determination of the maturity level will be carried out 
by using assessment methods. For this purpose, the predefined 
requirements and characteristics will be analyzed and 
validated (e.g. by means of questionnaires, checklists, and 
rules for its application). Each complexity field can be 
analyzed regarding the fulfillment of specific complexity 
management requirements, so that for each field a degree of 
fulfillment can be determined. The assessment provides a 
condition record of the status of the complexity management 
situation.  
Based on that status determined by the assessment, gaps as 
well as complexity fields with lower degree of fulfillment / 
maturity level can be identified. The company is now able to 
state, if their current complexity management activities and 
skills are adequate. Based on the degree of fulfillment, the 
overall achieved maturity level can be derived. Finally 
suggestions and recommendations for improvement, aiming at 
optimizing the current status and to achieve the next level of 
maturity, can be deduced. 
6. Conclusion and Future Work 
This paper presents the foundations and the first steps 
aiming at the development of a scalable maturity-based 
approach for the evaluation of complexity management 
systems for industrial companies.  
This paper introduced the advanced Complexity 
Management. It started with an up-to-date survey on 
complexity in value networks, followed by the introduction of 
the Stuttgart Complexity Model, including the definition of 
external and internal complexity in socio-technical systems, 
the difference between complicacy and complexity, as well as 
the introduction of the four complexity dimensions. Then, the 
complexity fields as well as several subfields were presented 
as examples. This was followed by the presentation of the 
advanced Complexity Management approach.   
Maturity models for evaluation issues have several benefits 
such as capability for self-assessment as well as transparency 
concerning the organizational, technical and operational status 
and the early identification of deviations from targets and 
risks. As work on the maturity model is still ongoing, this 
paper focuses on the foundations and the procedure for 
evaluation of complexity management. The definition of the 
different maturity and capability levels is still in progress and 
will be presented at a later stage. Also, specific examples of 
fields of application, implementation aspects (best practices) 
or requirements as well as the further development of the 
assessment procedure will be addressed in future work. 
Initial
Defined
Qualitative
Quantitative
Analyzed
Managed
Harm.
Figure 1: Maturity Levels for Complexity Management Systems 
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